The sequence of the T-terminal 1611 nucleotides of the genome of the tobacco veinal necrosis strain of potato virus Y (PVY N) was determined. The sequence revealed an open reading frame of 1285 nucleotides, of which the start was not identified, and an untranslated region of 316 nucleotides upstream of a poly(A) tract.
The potyvirus group represents the largest plant virus group, containing more than 60 distinct members (Hollings & Brunt, 1981) . Most of these viruses have been included in the group on the basis of their particle morphology and biological properties, such as distinct reactions on indicator plants and serological reactions. The potyviruses have a single-stranded RNA genome of approximately 10000 nucleotides with a small protein (VPg) covalently linked to the 5'-terminal nucleotide and a poly(A) tail at the 3' terminus. For tobacco etch virus (TEV) and tobacco vein mottling virus (TVMV) RNA nucleotide sequence analysis has revealed the presence of one large open reading frame (ORF) (Allison et al., 1986; Domier et al., 1986) . This ORF encodes a high Mr polyprotein of approximate Mr 340000 which is proteolytically processed to produce the mature viral coat protein along with at least five non-structural proteins (Dougherty & Hiebert, 1985) . Recently the introduction of viral coat protein genes into the plant genome has been shown to decrease the susceptibility of these plants to infections with the corresponding virus (Beachy et al., 1987) . To our knowledge, this 'genetically engineered' cross-protection has not yet been reported for potyviruses in spite of their economic importance. As a first step towards genetically engineered protection against the tobacco veinal necrosis strain of potato virus Y (PVY N) and to gain a better insight into the complex serological relationships existing among the potyviruses, we report the cloning and nucleotide sequence determination of the coat protein cistron of PVY N.
Virus was purified from Nicotiana benthamiana 2 to 3 weeks after inoculation, and RNA was extracted by incubation with I% SDS, followed by phenol/chloroform extractions and subsequent ethanol precipitation (Maniatis et al., 1982) . cDNA was synthesized as described by Gubler & Hoffman (1983) and cloned into SmaI-digested pUC19 plasmid. Three clones, with 0000-8554 © 1989 SGM -427PEKESIL  i CCCG GAG ~  GAG AGE ATT GTC   -397EELWFMS  92  GAG G~ TTG TGG TTC ATG TCC   -367QWDRADL  182  C~ TGG GAT AGA GGT CAT CTG   -337  Q  I  R  R  F  Y,S  272  C~ ATE AGG AGA TTC TAC TCA   -307ALKKLYM  362  GCATTG~G~GCTGTACATG   -277ECDTYEV  452  GAG TGC GAT ACT TAT G~ (Fig. 1) .
Short communication
Analysis of the 326 nucleotide long untranslated region revealed three regions, 35 to 40 nucleotides in length, that were strongly homologous. In addition, eight nucleotide and 11 nucleotide direct repeats were present (Fig. 1) . Sequence comparison revealed considerable homology, both in nucleotide sequence and in length, to the 3' non-coding regions of pepper mottle virus (PeMV) RNA (88~o), while, in contrast, no homology could be detected with the 3' regions of other potyviruses (data not shown).
The exact location of the coat protein gene on the PVY nucleotide sequence was determined in two different ways. Initially, the sequence of the amino-terminal portion of the capsid protein was determined by Edman degradation, except for the first two residues whose determination was ambiguous due to contamination. This sequence was identical to amino acids -265 to -249, as derived from the RNA sequence (boxed in Fig. 1) , and allowed mapping of the start of the PVY N coat protein at the glycine residue at position -267. Second, the amino acid sequence as derived from the PVY N nucleotide sequence was compared with the coat protein sequences of a second strain of PVY (PVY °) (Shukla et al., 1986) and five other potyviruses, PeMV , TEV (Allison et al., 1986) , TVMV (Domier et al., 1986) , sugarcane mosaic virus (Gough et al., 1987) and plum pox virus (Ravelonandro et al., 1988) . This comparison located, in agreement with the mapping of the chemically determined amino acid sequence, the start of the PVY N coat protein at amino acid position -267. This mapping implies that the cleavage site in the PVY N polyprotein, used to release the coat protein, is the Q/G dipeptide sequence at position -268/-267 (Fig. 1) .
The aligned potyviral capsid protein sequences all showed considerable homology except for their amino-terminal parts which differed greatly among the different viruses, both in length and in amino acid composition (Fig. 2) . The highest degree of homology was found between the capsid proteins of PVY N, PVY o and PeMV, even including this variable region (73 to 76~ homology in the first 29 residues). The most conserved regions in the coat proteins of these three viruses showed a direct homology of 92 ~, and even more (96 ~) when conservative amino acid substitutions were included. The viral coat proteins of the other potyviruses showed a topologically similar but significantly lower level of homology (Fig. 2) .
The ORF found directly upstream of the PVY N coat protein cistron in clone pVY8 would allow the coding of a polypeptide of at least 160 amino acids. Both the genomic position and the derived protein sequence indicate that this cistron encodes the viral polymerase (NIb; Domier et al., 1987) .
The RNA and protein sequence data show that the PVY N coat protein consists of 267 amino acid residues corresponding to an Mr of 29883. This is in reasonable agreement with the apparent Mr of 33000 to 34000 as estimated from PAGE studies (Huttinga & Mosch, 1974) .
Potyviral coat proteins are known to be released from longer precursors by proteolytic cleavage at a Q/G, Q/S or Q/A dipeptide sequence. Similar dipeptide sequences have been described as polyprotein cleavage sites for comoviruses and picornaviruses (Wellink & van Kammen, 1988) . Our nucleotide and protein sequence data show that for PVY N, maturation of the coat protein would require cleavage at a Q/G dipeptide sequence while, interestingly, the coat protein of another PVY strain, PVY D, must be released by cleavage at a Q/A dipeptide (Shukla et al., 1986) . Hence strains of the same potyvirus may differ in proteolytic processing sites.
So far, classification of potyviruses has been based on host plant specificities and serological relationships (Zitter, 1972; Nelson & Wheeler, 1978) . Immunodiffusion tests with polyclonal antibodies revealed that all potyviruses are to some extent serologicaUy related to each other. Our coat protein comparisons seem to confirm this and give a molecular explanation for these observations. The coat protein sequence of PVY TM and those of six other potyviruses, including another PVY strain, reveal a high percentage of identity in the carboxy-termina1238 residues for all viruses (Fig. 2) . Only the two PVY strains and PeMV showed also a significant degree of homology in the amino-terminal parts of their coat proteins (Fig. 2) . Also the overall homology between the coat protein sequences of PeMV and PVY is higher (91 ~) than among the other potyviruses (51 to 63 ~o). This indicates that PeMV is much more closely related to PVY than was previously concluded from serological studies (Nelson & Wheeler, 1978) . The high levels of homology in both the polymerase-coding region (data not shown) and the 3' non-translated sequence (88 ~) confirm this close relationship. PeMV was first described as an atypical strain of PVY (PVY-speckling or pVys; Zitter 1972), but has later been renamed PeMV on the basis PeMV  IQMKAAALKSAQS  FGLDGGVS~QEENTERHTTE  SPS  TVMV  AQMKA  TP  FAA  F~LDGSVSGIQEENTERHTVD  NAQ  TEV  MQMKAAAVR  SGTRLFGLD  V  EE  TERHTAH  NRN  GNVG  E  TERHTAG  NRN  PPV  IQMKA of its symptoms and serological properties (Zitter & Cook, 1973) . The present study, however, indicates that PeMV should indeed be regarded as a strain of PVY. Experiments are currently in progress to introduce the PVY N coat protein cistron into the genome of potato plants. In view of the extensive homology now found between PVY and PeMV it will be interesting to see whether the presence of the PVY coat protein in these plants will also confer resistance to infections with PeMV.
